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A B S T R A C T
Directive 2013/39/EU contains the ﬁrst revision of the Priority Substances (PSs) list of the Water Frame-
work Directive (WFD). Twelve substances were added, some Environmental Quality Standards (EQSs) in
water were revised and biota EQSs for eleven PSs were laid down. The use of Certiﬁed Reference Mate-
rials (CRMs) can ensure that the water monitoring data be characterised by an equivalent level of scientiﬁc
quality.
In this paper, an updated overview of existing matrix CRMs (water, biota and sediment) for all PSs is
presented. Focus is given to the critical discussion of biota CRMs.
The range of CRMs for Cd, Pb, Hg and Ni continues to be appropriately large, while the lack of CRMs
for the organic substances is conﬁrmed. The CRMs applicability in the light of the WFD monitoring re-
quirements is discussed with regard to matrix match and attributes of the certiﬁed value (traceability,
uncertainty and closeness to the EQS).
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction
The EuropeanWater Framework Directive (WFD 2000/60/EC) [1]
and its Daughter Directives (2008/105/EC and 2009/90/EC) [2,3] put
in writing the requirements for a cost-effective and proportionate
policy on the prevention and control of chemical pollution of surface
waters. The outlined strategy involves the identiﬁcation of priori-
ty substances (PSs) amongst those that pose a signiﬁcant risk to,
or via, the aquatic environment at Union level. Moreover, a peri-
odic review of these PSs is indicated by Article 16(4) of the WFD
and Article 8 of Directive 2008/105/EC.
As a result of this process, Directive 2013/39/EU [4] was adopted
by the European Parliament and the Council of the European Union
in August 2013. It amends Directives 2000/60/EC and 2008/105/
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EC as regards priority substances in the ﬁeld of water policy and
constitutes another milestone in the water protection policy.
The review of the list of PSs by the European Commission com-
prised several actions: 1) the identiﬁcation of new substances for
prioritisation (some of those already listed in Annex III of Directive
2008/105/EC), 2) the setting of Environmental Quality Standards
(EQSs) for the newly introduced PSs (for simplicity those will be re-
ferred to as the new PSs in the remainder of this paper), 3) the revision
of the EQS for some substances of the ﬁrst list (PSs belonging to the
ﬁrst list are referred to as the old PSs in the remainder of this paper)
in line with the progress of scientiﬁc and technical knowledge, 4) the
setting of biota EQS for some of the old and of the new PSs. Through-
out the paper, the PSs are referred to as mentioned in the WFD
Daughter Directives, irrespective of the fact that the given namemay
comprise a single molecule or a group of compounds.
The EQS for the newly identiﬁed PSs should be taken into account
in the supplementary and preliminary monitoring programmes to
be submitted by the end of 2018. Also, they should bemet in achiev-
ing good water chemical status by the end of 2027.
The setting of biota EQS recognises the fact that some hydro-
phobic substances are not likely to be found in water. The
consequence is that they are hardly detectable in this matrix, even
using the most advanced analytical techniques. The ﬂexibility for
the Member States (MSs) to apply an EQS for an alternative matrix
or, where relevant, an alternative biota taxon is still preserved, pro-
vided that the level of protection is as good as that provided by the
EQS and matrix laid down in the 2013 Directive.
There are no amendments to the Directive 2009/90/EC, laying
down technical speciﬁcations for chemical analysis and monitor-
ing of water status. The laboratories designated by the MSs for the
chemical water monitoring should, therefore, apply quality man-
agement system practices accepted at international level. They should
also demonstrate their competence by participating in proﬁciency
testing programmes and analysis of available reference materials.
In a previous paper [5], the authors presented a survey on avail-
able matrix Certiﬁed Reference Materials (CRMs) for the old PSs in
the three WFD relevant matrices: water, biota and sediment.
This current publication provides the necessary integration and
enlargement of the previous workwith the list of globally sold CRMs,
following the addition of new PSs in the recent Directive 2013/39/
EU [4]. Readers can ﬁnd an up-to-date overview regarding the CRMs
for old PSs, as well as the collection of CRMs for the newly identi-
ﬁed PSs.
The introduction of biota EQS provides, on the one hand addi-
tional degrees of freedom for the laboratories (e.g., in the case of
substances for which the water EQS is not technically achievable),
and on the other hand opens challenges, starting with the sam-
pling strategies to be adopted, passing through the statistical
treatment of data and ending with the evaluation of the measure-
ment results to assess compliance with the EQS.
The scope of this paper is to describe the state of the art avail-
ability of matrix CRMs for monitoring laboratories, with focus on
how far the change in perspective by the setting of EQS in biota could
help and facilitate the fulﬁlling of the monitoring and reporting ob-
ligations imposed by the WFD.
2. Extent of the survey
The survey of available CRMs was conducted following the same
criteria as in the previous paper by Ricci et al. [5]. We will brieﬂy
repeat them here for sake of clarity and we invite readers to consult
the previous work, in case they wish to access more details on the
general framework chosen by the authors.
The CRM deﬁnition given in ISO Guide 30:2015 [6] is thus: ‘‘Ref-
erence material characterized by a metrologically valid procedure for
one or more speciﬁed properties, accompanied by a certiﬁcate that
provides the value of the speciﬁed property, its associated uncertain-
ty, and a statement of metrological traceability’’.
Only CRMs accompanied by a certiﬁcate, but not always com-
plying with the second part of the deﬁnition were considered, e.g.,
inmany cases nomeasurement uncertainty and/or statement of met-
rological traceability are provided. Accredited producers of reference
materials have to provide them within their certiﬁcates. See what
ISO Guide 34 states [7] about the measurement uncertainty: “The
reference material producer shall carry out an assessment of the mea-
surement uncertainties to be included in the assignment of the property
values in accordance with the requirements of the GUM (ISO/IEC Guide
98-3).”, “A statement of the measurement uncertainty is mandatory
for certiﬁed values.” and regarding the traceability: “What is essen-
tial is that the certiﬁcate contains a statement of metrological traceability
indicating the principles and procedures on which the property values
(together with their uncertainties) are based. A certiﬁed value without
this additional information is generally considered unacceptable for a
certiﬁed reference material”. However, current practices of report-
ing traceability and/or uncertainty on CRM certiﬁcates are often not
consistent and/or suﬃciently rigorous. There are complicated cases
in which the metrological traceability statement can be diﬃcult to
formulate, but more efforts should be spent by the CRM issuers in
this direction, bearing in mind that traceability is a necessary con-
dition for comparability of measurement results [8].
Even when a certiﬁcate is available, this does not imply that the
referencematerial is certiﬁed according to the above deﬁnition given
in ISO Guide 30. It is always a good practice that the CRM user con-
siders which information is reported on the certiﬁcate, in order to
judge the extent to which the requirements of a CRM are fulﬁlled.
In ISO Guide 31, (Referencematerials – contents of certiﬁcates, labels
and accompanying documentation) [9], the certiﬁcate is deﬁned as
“document containing the essential information for the use of a cer-
tiﬁed reference material”. This guide was published very recently, with
the aim of better describing the information that should accom-
pany a reference material, whether it is certiﬁed or not. This is a
necessary update to comply with the deﬁnition set in ISO Guide 30.
The list of CRM producers/distributors used as reference in the
present survey is enclosed as Table 1, and it is a reviewed and
amended version of the one presented in the previous paper [5].
Some of the producers were taken out of the list after contacting
them, because their CRMs are exhausted and/or do not appear as
commercially available anymore, e.g., RIZA (Institute for InlandWater
Table 1
List of CRMs producers/distributors used as reference in the survey
BAM Federal Institute for Materials Research and Testing, Germany
CIL Cambridge Isotopes Laboratories Inc, USA
IAEA International Atomic Energy Agency, Analytical Quality
Control Services, Austria
JRC-IRMM Joint Research Centre, Institute for Reference Materials and
Measurements, Belgium
KRISS Korea Research Institute for Standards and Science,
South Korea
LGC LGC Standards, United Kingdom
Mintek Mintek Company, South Africa
NIES National Institute for Environmental Studies, Japan
NIM National Institute of Metrology, China
NIST National Institute of Standards and Technology, USA
NMIJ National Metrology Institute of Japan, Japan
NRC-CANMET National Resources Canada-Canada Centre for Mineral and
Energy Technology, Canada
NRC-CNRC National Research Council Canada, Canada
NWRI National Water Research Institute-Environment Canada,
Canada
RTC RT-Corp, Resource Technology Corporation, USA
WEPAL Wageningen Evaluating Program for Analytical Laboratories,
The Netherlands
WL Wellington Laboratories Inc, United Kingdom
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Management andWasteWater Treatment), The Netherlands; pb anal.
Techniques, Slovak Republic; VKI (Water Quality Institute), Denmark;
GSSR (Geological Survey of Slovak Republic), Slovak Republic; RCCW
(Research and Control Centre of Water), Russia. Additionally, in the
speciﬁc case of the Chinese providers (e.g., IEC, IGGE, IRMA, SITT,
NCS and SMI), the National Institute of Metrology (NIM), China,
seems to have taken over the management and distribution of most
of their CRMs. Consequently, it was decided to leave only the NIM
website as reference, as it is diﬃcult to establish the link to the orig-
inal producer.
The COMAR database [10–12] remains the main freely accessi-
ble on-line source for searching CRMs. It should still be highlighted
that this tool is not directly updated by the CRM producers. Thus,
it cannot be considered as a complete and exhaustive database. In
contrast to the previous survey, this time it was decided to remove
the COMAR URL as reference in the tables (Tables S1, S2 and S3) and
list, to the best of knowledge, the commercial source of the CRM.
The other database consulted is the European Virtual Institute for
Speciation Analysis (EVISA) [13], which contains information about
RMs within the framework of speciation analysis.
Other databases that could be useful, but have not been screened
for the purpose of this survey, are the Virtual Institute for Refer-
ence Materials (VIRM) [http://www.virm.net/] and the Key
Comparison Database (KCDB) of the Bureau International des Poids
et Mesures. The VIRM requires the payment of a fee for full access
to the database, while the KCDB is freely accessible. The Appendix
C of the KCDB contains Calibration and Measurement Capabilities
of the National Metrology Institutes (NMIs) participating to the
Mutual Recognition Arrangement of the Comité International des
Poids et Mesures. Under the chemistry metrology area, it is possi-
ble to ﬁnd some CRMs developed by the NMIs [14]: this list is not
exhaustive and only some of these CRMs are commercially available.
The range of matrices considered as relevant for theWFD remains
unchanged to water, biota and sediment.
The marine water (also considering the inclusion of transition-
al and coastal waters in the WFD scope), sediment and biota CRMs
weremaintained, but the authors wish to state that thematrixmatch
to the freshwater materials could be far from optimal and the user
should judge the appropriateness case-by-case.
On the other hand, soil, sewage sludge, particulate matter CRMs,
but also wastewater CRMs were not included. The users can decide
to consider them, should they judge as acceptable the matrix match
with the sample that they analyse for WFD monitoring purposes.
The critical overview of currently available CRMs will be pre-
sented in three major sections, corresponding to the compartments
water, sediment and biota, each sub-divided in two parts, i.e. organic
PSs and inorganic PSs. In comparison to the previous survey, we will
discuss mainly the ﬁelds that underwent signiﬁcant changes in the
number and/or quality of CRMs during the last three years. As a
result, more attention was dedicated to the presentation and dis-
cussion of biota CRMs, due to the recent introduction of biota EQS
for eight priority substances.
The list of all currently available matrix CRMs for the new PSs
is provided in Table S1, as on-line supplementary data 1. On-line
supplementary data 2 contains the updated information for the old
PSs (Table S2) and on–line supplementary data 3 (Table S3) pres-
ents the updated situation regarding “certain other pollutants” which
fall under the scope of Directive 86/280/EEC [15] that are not PSs
but for which EQSs were set to maintain their regulation at EU level
[2]. In Tables S1, S2 and S3, under the column “certiﬁed values”,
further information is given for some of the entries, e.g. “refer-
ence value”, “indicative value”, “informative value”, according to the
deﬁnition found in the respective certiﬁcate. These deﬁnitions are
often not harmonised among the different producers, but they should
refer to properties supplied for information purposes only, not ful-
ﬁlling the criteria for a certiﬁed property value.
The tables are divided into entries by PS, containing the follow-
ing information: numbering (according to [4]), matrix type (B for
biota, SD for sediment, W for water); CRM identiﬁer; acronym of
producer; short description; certiﬁed (or otherwise stated) value
and its uncertainty; reference (URL of the producer or distributor).
3. Water CRMs
The situation for water CRMs has not changed since the previ-
ous survey. No water CRMs for organic compounds (as required by
the WFD) are presently available. On the contrary, a wide choice
of water CRMs for the priority metals is still available, despite a
general reduction in the number of available CRMs, compared to
the previous survey.
The authors wish like to remind that the EQSs for Cd, Pb, Hg and
Ni refer to the dissolved concentration (i.e. obtained after ﬁltra-
tion of the water sample through a 0.45 μm ﬁlter), and speciﬁcally
for Pb and Ni to the bioavailable concentrations, while the EQSs for
the organic priority substances refer to whole water sample (i.e. not
ﬁltered).
3.1. Water CRMs for organic PSs
Over the past years, several attempts by producers to prepare
reference materials that are certiﬁed, under the common under-
standing of the term as deﬁned by the ISO Guide 30:2015 [6] have
been unsuccessful [5,16–20].
Very recently, JRC-IRMM released a reference material certi-
ﬁed for PFOS and other perﬂuoroalkyl substances in drinking water
(IRMM-428, Table S1). This CRM is, to the best of knowledge, the
only RM on the market certiﬁed for organics. Regrettably, it cannot
be considered fully representative of a surface water sample which,
following the deﬁnition laid down by the WFD, must include sus-
pended particulate matter and/or more or less dissolved organic
matter (i.e. humic and fulvic acids).
Indeed, the fact that the water EQSs for organic PSs are ex-
pressed as total concentration in the whole water sample renders
the development of a suitable CRM very challenging.
Recent literatures on this matter are scarce. At the SETAC Europe
25th Annual Meeting in 2015, JRC-IRMM presented an on-going
project targeting the preparation of a water matrix CRM for the anal-
ysis of the 8 Polycyclic Aromatic Hydrocarbons (PAHs) listed in the
WFD, in which humic acids are added to simulate the organic matter
present in surface water. The CRM consists of three items (ﬁltered
surface water, humic acids solution and PAH spiking solution) to
be combined at the laboratory’s premises, following an easy-to-
apply reconstitution protocol [21].
The only identiﬁed other publication that reports on signiﬁ-
cant developments in this direction is the paper by Elordui-
Zapatarietxe [22]. The publication presents the results obtained as
part of the Joint Research Project ENV08 “Traceable measure-
ments for monitoring critical pollutants under the EuropeanWater
Framework Directive (WFD) 2000/60/EC” within the European Me-
trology Research Programme (EMRP) [23]. A feasibility study was
conducted that aimed at the development of concepts for the prep-
aration of ready-to-use referencematerials (RMs) for polybrominated
diphenyl ethers (PBDEs), PAHs and tributyltin (TBT) in natural waters,
i.e. including suspended particulatematter and/or humic acids. These
concepts were deployed for obtaining proﬁciency testing samples
used in the intercomparison exercise of the project.
Presently, it is impracticable to feature these materials as CRMs,
because a thorough evaluation of homogeneity and of long-term
stability was not performed.
In the previous survey, it was also noticed that there was the lack
of appropriate validated and/or standard methods that speciﬁcal-
ly address whole water samples. In the above-mentioned ENV08
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project, one of the tasks of the partners was to develop and validate
isotope dilution methods capable of analysing the target param-
eters TBT, PBDEs and PAHs at the environmental quality standard
concentrations in whole water. On a similar track, the work stipu-
lated under the Grant Agreement signed between the European
Commission and the European Committee for standardization (CEN)
on Mandate M/424 in the ﬁeld of water quality (SA/CEN/ENTR/424/
2011-11 “Development and enhancement of European standards
to determine the chemical and ecological water quality in support
of the Water Framework Directive”) [24], aimed to provide ﬁt-for-
purpose standard analytical methods for some of the PSs
(organochlorine pesticides, PBDEs, PAHs and TBT). Most of the
method performance requirements indicated in the scope of the
mandate M424 originate from Directive 2009/90/EC [3], i.e. limit
of quantiﬁcation equal or below 30% of the EQS, measurement un-
certainty of 50% or below (coverage factor k = 2) at the level of the
EQS, capability of analysing whole water samples (further speci-
ﬁed in the mandate as containing up to 0.5 g/L of suspended solids).
In ﬁnalising the standards, a European inter-laboratory compari-
son study was conducted in accordance to ISO 5725 [25] using the
RMs developed under the ENV08 project as test materials.
In conclusion, it can be still stated that the realisation of a CRM
for organics in water, compliant with the WFD requirements, has
so far not been achieved.
3.2. Water CRMs for priority trace metals
There are no speciﬁc new developments to report on the CRMs
for Cd, Pb, Hg and Ni, even when considering the newly set EQS.
The Annual Average (AA)-EQS for Pb and Ni have been lowered from
7.2 μg/L to 1.2 (inland surface waters) and 1.3 μg/L (other surface
waters) and from 20 μg/L to 4 and 8.6 μg/L, respectively, while for
Hg the AA-EQS has disappeared and the Maximum Allowable Con-
centration (MAC)-EQS of 0.07 μg/L has remained unchanged.
There is a reduction in the number of available CRMs (com-
pared to the status presented by the previous survey) by considering
all four metals, most noticeable for mercury (−58%) and lead (−40%)
(Fig. 1). It is interesting to note that this decrease has brought the
availability of CRMs for Cd, Pb, and Ni, in terms of numbers, to a
level comparable to the biota CRMs (Figs 1 and 2), with the excep-
tion of Hg for which the number of biota CRMs is considerably larger
than water CRMs.
This reduction is most obvious for Hg in comparison to the pre-
vious survey [5]. At present, ﬁve water reference materials for Hg
are available (sold by JRC-IRMM, NRC-CNRS and NIST), three of them
with certiﬁed values lower than the MAC-EQS. For the other three
priority metals, even considering the lowering of the EQS for the
Pb and Ni, the needs of the monitoring laboratories are suﬃ-
ciently covered by the twenty-seven CRMs produced. In examining
the CRMs with certiﬁed values in the proximity of the AA-EQSs, i.e.
approximately ± ten times the EQS, there are 8 for Cd, 13 for Pb and
17 for Ni.
4. Biota CRMs
One of the major changes brought in monitoring water quality
by the Directive 2013/39/EU is the introduction of biota EQS for some
of the PSs. Biota EQSs are expressed in the Directive as mass frac-
tion relative to wet weight. For the eleven substances for which a
biota EQS is set, MSs shall preferentially apply this value rather than
the water EQS, implying that biota is the default matrix for moni-
toring. The substances involved are: brominated diphenylethers
(BDEs), ﬂuoranthene, hexachlorobenzene (HCB), hexachlorobutadiene
(HCBD), mercury and its compounds, PAHs, dicofol, perﬂuorooctane
sulfonic acid and its derivatives (PFOS), dioxins and dioxin-like com-
pounds, hexabromocyclododecane (HBCDD), heptachlor and
heptachlor epoxide.
More speciﬁcally, the biota EQS relate to ﬁsh, with the excep-
tion of ﬂuoranthene and PAHs, for which it refers to crustaceans and
molluscs.
However, MSs retain the “ﬂexibility to apply EQS for an alterna-
tive matrix or, where relevant, an alternative biota taxon . . . provided
that the level of protection afforded by the EQS and the monitoring
system applied. . .is as good as that provided by the EQS and matrix
laid down in this Directive (Art. 17 of [4])”.
For the ﬂexibility to be accommodated, it was decided that ma-
terials based on aquatic plants be enclosed in the list as part of the
biota CRMs.
For three PSs (Hg and its compounds, HCB and HCBD), EQSs for
‘‘prey tissue (wet weight) choosing the most appropriate indicator from
among ﬁsh, molluscs, crustaceans and other biota’’ had been estab-
lished in the Directive 2008/105/EC. These EQSs were conﬁrmed by
Directive 2013/39/EU, where the matrix was further narrowed to
ﬁsh.
An important issue about the biota CRMs for WFD monitoring
is the fact that the EQS is expressed as wet weight. Thus, for a moni-
toring laboratory analysing a ﬁsh, it is of utmost importance to use
a CRM as quality assurance/quality control tool that considerably
mimics the “fresh” samples. The issue of “commutability” has already
been amply addressed in [5]. The reader can refer to the previous
survey for a more in-depth discussion, which remains quite rele-
vant; particularly, as most of the ﬁsh/invertebrates CRMs are only
available in a lyophilised form.
The updated general picture shows that the number of biota CRMs
has increased for almost all old PSs whose materials were avail-
able, with an average of three new CRMs per substance (see Fig. 2).
The only exception is tributyltin, whose the number did not change
(from NIES, the CRM NIES No11 disappeared and CRM No 15 is now
produced), and Pb, for which the number has decreased.
4.1. Biota CRMs for organic PSs
Among the old PSs, the Directive 2013/39/EU sets biota EQS for
BDEs, ﬂuoranthene and PAHs (more precisely for benzo[a]pyrene
as marker for all). In the new PSs, biota EQS are given for dicofol,
PFOS, dioxins and dioxin-like compounds, HBCDD, heptachlor and
heptachlor epoxide.
NIST SRM 1946 and 1947 and WL WFM-01 are the most useful
certiﬁed materials for PBDEs in biota (regarding the matrix match).Fig. 1. Number of water CRMs for WFD Priority trace metals.
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Nevertheless, none of these CRMs can match the very low EQS
(0.0085 μg/kg) set for the totality of regulated BDEs (28, 47, 99, 100,
153 and 154) (Table S2).
In the case of ﬂuoranthene, the biota CRMs are generally not par-
ticularly useful for the laboratories, either because the values are
not suﬃciently close to the EQS or they are recommended/
informative values or they are mostly ﬁsh CRMs. The biota standards
for ﬂuoranthene and the PAHs refer to crustaceans and molluscs
because they are metabolised in ﬁsh. Thus, they show a higher
bioaccumulation potential in invertebrates, making the NIST SRM
1974c and 2974a the only CRMs serving the need. On the other hand,
the SRM 2974a is a freeze-dried material, introducing the issue of
conversion dry/wet, because EQSs are expressed on a wet weight
basis. Besides the dry/wet weight conversion, there are other debated
and disputed normalisations, adjustments and conversions of moni-
toring data for compliance versus the EQS, i.e. lipid normalisation,
trophic level adjustment, whole ﬁsh vs. ﬁsh tissue/organs analysis
[26,27]. A supplementary guidance that addresses, among other
issues, on how to use the monitoring results to assess compliance
with EQS in biota and drafted through a collaborative effort among
the European Commission, MSs, Switzerland and other stakehold-
ers, was recently published [28].
For benzo[a]pyrene, very useful CRMs are produced by NIST, con-
sidering the EQS of 5 μg/kg (in crustaceans and molluscs): SRM
2974a, Organics in freeze-dried mussel tissue (Mytilus edulis) and
SRM 1974c, Organics in mussel tissue (Mytilus edulis) with values
of 9.73 ± 0.43 μg/kg and 2.32 ± 0.03 μg/kg wet mass, respectively.
Among the ﬁve new PSs for which a biota EQS is established, ﬁsh
CRMs are available for three of them, i.e. dioxins and dioxin-like com-
pounds, heptachlor and heptachlorepoxide and PFOS (see Fig. 3).
A ﬁsh CRM for PFOS (pike-perch naturally contaminated with
perﬂuoroalkyl substances) was recently released by JRC-IRMM,
namely IRMM-427. This CRM presents a PFOS certiﬁed values of
16.0 ± 1.7 μg/kg, suﬃciently close to the EQS value of 9.1 μg/kg. An
additional interesting feature of IRMM-427 is that the matrix is a
ﬁsh paste which improves the CRM commutability to routine
samples.
NIST SRM 1946 and 1947 (frozen ﬁsh tissue homogenates)
provide only reference and informative values for PFOS and HBCDD,
respectively. These values arewell below the EQS of PFOS and HBCDD
(9.1 μg/kg and 167 μg/kg, respectively), unfortunately they are not
certiﬁed (Table S1). There is also SRM 2974a, but it is a freeze-
dried mussel tissue and only has a reference value for HBCDD (Table
S1).
For dioxins and dioxin-like compounds, there is a substantial
number of ﬁsh CRMs, mainly from CIL, but also from NRC-CNRS,
RTC and WL; an even larger number of CRMs is present for some
of the PCBs, sold also by NIST, IAEA and JRC-IRMM. Speciﬁcally, seven
CRMs are available for the polychlorinated dibenzo-p-dioxins,
between 4 and 6 for polychlorinated dibenzofurans and between
6 and 20 for the dioxin-like polychlorinated biphenyls (PCB 77, 81,
104, 114, 118, 123, 126, 156, 157, 167, 169, 189), depending on the
speciﬁc compound. The considerable amount of CRMs available for
this class of PSs could probably be ascribed to the long-standing reg-
ulatory frame in the food area in force since 2002 [29]. For the dioxins
and dioxin-like compounds, comparison with the EQS is addition-
ally complicated by the fact that the EQS (for the sum of
PCDD + PCDF + PCB-DL) is expressed as TEQ (Toxic Equivalence) ac-
cording to theWHO 2005 Toxic Equivalent Factor, which correlation
to mass fraction is not straightforward [30].
Fig. 2. Number of biota CRMs for the old WFD Priority Substances, comparing the market situation between 2011 and 2014.
Fig. 3. Number of biota CRMs for the new WFD Priority Substances.
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For heptachlor and heptachlor epoxide, there are SRM 1974c (cer-
tiﬁed for heptachlor) and SRM 1946 and 1947 (certiﬁed for
heptachlorepoxide) from NIST and EDF-2525 from CIL (which cer-
tiﬁed values, especially for heptachlor, are characterised by a large
uncertainty). Among the NIST materials, the heptachlor certiﬁed
value of SRM 1974a 0.132 ± 0.006 μg/kg is the closest to the EQS of
0.0067 μg/kg. Three other ﬁsh RMs are available from IAEA but with
recommended or informative values. None of the available mate-
rials carry values at the level of the EQS: the ﬁsh homogenate IAEA-
406 is the one getting closer with 1.31 μg/kg (as sum of heptachlor
and heptachlorepoxide) but it is declared as informative value.
The persistent absence of biota CRMs for hexachlorobutadiene
is remarkable. Despite the fact that an EQS is set since 2008 [2], only
a few laboratories monitor this PS and not many literature records
on its presence in biota are available [31–35]. A ﬁsh CRM for
hexachlorobenzene and hexachlorobutadiene is currently under
ﬁnalisation at JRC-IRMM. The material is prepared as a sterilised
ﬁsh paste, starting from naturally contaminatedWels catﬁsh, thereby
approaching the “fresh” texture of routine biota samples [36,37].
There are no biota CRMs on sale for nineteen old PSs (no change
of situation compared to three years ago). The exception is SRM 1945
which carries a reference value for pentachlorobenzene and for the
following eight new PSs: dicofol, quinoxifen, aclonifen, bifenox,
cybutrin, cypermethrin, dichlorvos, and terbutrin (see Figs 2 and
3).
4.2. Biota CRMs for priority trace metals
As indicated, the number of CRM has increased for Cd, Hg and
Ni and decreased for Pb (Fig. 2).
For cadmium, lead and nickel, a few CRMs are no longer avail-
able e.g., DOLT-4 (dogﬁsh liver) by NRC-CNRC, NIES no.9 (Sargasso
seaweed) by NIES and BCR-279 (sea lettuce) by JRC-IRMM, GBW
08571 by IEC and SRM 1974b from NIST, both mussel materials. A
signiﬁcant number has nevertheless been added to the list. Many
of them are produced by IAEA (5 for Cd and 4 for Pb), including
seaweed, algae but also ﬁsh tissue/homogenate, and they general-
ly carry recommended, reference or informative values, with the
exception of IAEA-450 which shows certiﬁed values. Remarkable
new entries are the ﬁsh muscle ERM-BB422 and the oyster powder
KRISS 108-04-003 certiﬁed for cadmium, and the recently re-
leased ERM-CE278k (mussel tissue) from JRC-IRMM certiﬁed for Ni.
Mercury registers the same losses in terms of CRMs as cadmium
and lead (except BCR-279 which was not certiﬁed for this element).
Thematerial bestmatching the EQS level of 20 μg/kg, SRM1974b,
mussel tissue certiﬁed for a Hg value of 17.0 ± 1.1 μg/kg is no longer
available, supersededbySRM1974c,which is only certiﬁed fororganic
compounds. NIST still sells SRM1566b (oyster tissue)with a certiﬁed
total value of Hg of 0.0371 ± 0.0013 mg/kg. Other biota materials,
which are certiﬁed close to the EQS, are ERM-CE278k (mussel tissue)
from JRC-IRMM with a Hg value of 0.071 ± 0.007 mg/kg and SRM
2976 (mussel tissue) for trace elements and methylmercury from
NIST (certiﬁed for a mass fraction of Hg equal to 61.0 ± 3.6 μg/kg)
(Table S2).
5. Sediment CRMs
The sediment was always considered as a relevant matrix for
monitoring the water compartment by the WFD, particularly for
long-term trend assessment. Over the years, many MSs have moni-
toring schemes in place for sediment, thus constituting a conspicuous
amount of valuable data, which cannot be overlooked.
For the sediment CRMs, the general picture rather contrasts with
the biota CRMs; with most of the old PSs showing a decrease in
number of referencematerials (see Fig. 4). A similar decreasing trend
can be highlighted for RMs certiﬁed for the priority metals (as for
the water RMs), but the absolute number remains suitably large
(about 100 CRMs for each element).
Like biota CRMs, sediment CRMs are also numerous for dioxins
and dioxin-like compounds, perhaps because of their historical pres-
ence among the most dangerous and persistent compounds [38,39].
5.1. Sediment CRMs for organic PSs
Most of the old PSs show a slight decrease in the number of CRMs
available, but there are notable exceptions like PBDEs, HCB and
benzene (Fig. 4).
PBDEs were the only PS (together with HCH) whose number of
biota CRMs was larger than of sediment CRMs. While it is still the
case, the addition of a considerable number of new sediment CRMs
has balanced the situation. Unfortunately, except for SQC072-50G
-PBDE/PCBs in sediment of RTC, all the other new entries carry ref-
erence or informative values (Table S2).
There are other PSs whose available CRMs carry only informa-
tive values. This is true for a few organic substances like DEHP,
hexachlorobutadiene, pentachlorobenzene and trichlorobenzenes
for which almost exclusively WEPAL SETOC materials are avail-
able, carrying indicative/informative/consensus values. A similar
situation applies to hexachlorocyclohexane, for which, besides the
SETOC materials, only two reference materials from IAEA and two
from NMIJ are available, with only the latter being certiﬁed (Table
S2).
For benzene, 1,2-dichloroethane, dichloromethane the only CRMs
available are CRM640-025 and CRM639-030 (VOCs in lake sedi-
ment, two different certiﬁed mass fraction levels), produced by RTC.
In this case, especially for benzene the situation has improved
Fig. 4. Number of sediment CRMs for the old WFD Priority Substances, comparing the market situation between 2011 and 2014.
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compared to the previous survey where there was no entry for any
of the different matrices.
In the case of PAHs (including naphthalene), tributyltin com-
pounds and HCB, the situation remains suitable for the laboratories,
with more than one producer offering CRMs.
For the “certain other pollutants” mentioned in theWFD Daugh-
ter Directives, the list is practically unchanged, with the exception
of one new CRM from RTC, CNS391-050 Lot: 022142, Fresh water
sediment certiﬁed for PAHs, PCBs (Table S3).
Regarding the new PSs, with the exception of dioxins and dioxin-
like compounds for which there are many available CRMs, there
exists only three other PSs for which CRMs are sold: dichlorvos,
HBCDD and heptachlor/heptachlorepoxide. For dichlorvos there is
CRM851-050 from RTC with a certiﬁed value of 1760 ± 321 μg/kg,
while for HCBDD there is SRM 1944 New York/New Jersey water-
way sediment fromNISTwith informative values for its three isomers
(α, β, and γ). There are many other CRMs for heptachlor/
heptachlorepoxide (at least 20–30) all of which carry informative
values, with the exception of only CNS391-050 (Lot: 022142 from
RTC) Fresh water sediment – PAHs, PCBs and pesticides (Fig. 5 and
Table S1).
5.2. Sediment CRMs for priority trace metals
For all four of the priority metals, there are fewer sediment CRMs
available compared to the previous survey, corresponding to a rel-
ative decrease between 10 and 20%. The general picture has,
nevertheless, not changed and availability remains huge, especial-
ly from producers in China and from WEPAL. Among the matrices
considered in this paper, sediment is top, counting the most nu-
merous CRM entries for the metals. For example, there are three
times more CRMs for Ni, Cd and Pb and 20 times more CRMs for
Hg than for water CRMs.
The negative balance, compared to the previous survey could be
ascribed to the disappearance of some CRMs from China (from NCS
and IGGE, amidst the diﬃculty of tracking this change, particular-
ly as some of them are renamed as GBW materials and are now
managed under the supervision of NIM), as well as from NRC
CANMET.
6. Fit-for-purpose CRMs for water monitoring
The usefulness of a CRM for an analytical chemist depends on
the following major factors: 1) suﬃciently close matrix match (in-
cluding a sort of “replaceability” or “commutability”), 2) certiﬁed
property value which approaches the EQS as close as possible,
3) traceability and suﬃciently small uncertainty of the certiﬁed value
(which enhances the quality of the relatedmeasurement result) (see
[5] for a more thorough discussion on this).
Once decided that the matrix match is satisfactory, the pres-
ence of a certiﬁed value close to the EQS permits the check necessary
for assessing the trueness of results of an analytical method. This
can help in giving conclusive evidence of the ﬁt-for-purpose ana-
lytical performance of the measurement procedure, provided that
all the rest already complies with the requirements contained in
the Directive 2009/90/EC [3].
We have selected a few examples among the PSs, which illus-
trate if (and to what extent) the laboratories have the right choice
of CRMs to address the water monitoring properly aimed at fulﬁll-
ing the requirements of the WFD. Among the examples discussed,
three will be on biota and one on water, as there are presently no
EQS on sediment and “true” water matrix CRMs only exist for the
four priority metals. The three PSs chosen are Hg, HCB (old PS) and
PFOS (new PS).
Hg in biota. Among the twenty-four biota CRMs listed in Table
S2, only two could be considered as having a satisfactory matrix-
match and with values suﬃciently close to the EQS of 20 μg/kg: the
oyster tissue SRM 1566b from NIST with a certiﬁed value of
0.0371 ± 0.0013mg/kg and themussel tissue ERM-CE278k from JRC-
IRMMwith a certiﬁed value of 0.071 ± 0.007mg/kg. Their suitability
is, nevertheless, only partial for the following reasons; 1) they are
invertebrates and not ﬁsh (as speciﬁed in theWFD), and 2) they are
both lyophilised materials. For comparison with the EQS, which is
expressed as wet weight, a conversion of the dryweight related value
could be performed. Thus, applying a conversion factor of 5.5 [40],
the certiﬁed values for SRM 1566b and for ERM-CE278k drop to 6.74
and 12.9 μg/kg, well below the EQS. Obviously, the “wet weight”
value for Hg in the CRMs would be more accurate if, the conver-
sion factor applied, rather than being extracted from literature as
an average value, would be based on the water content measured
on the actual CRM sample before freeze-drying. Regarding thematrix
match, it could be reiterated that the freeze-dried form reduce the
“commutability” of these CRMs, which may react differently to the
analytical procedure compared to a “fresh” sample.
Hg in water. As previously mentioned, there has been a drop of
more than half in the number of CRMs for Hg in water. Among the
ﬁve presently available CRMs, three of them possess certiﬁed values
below the EQS of 0.07 μg/L. For purposes of the WFD, best matrix
match is represented either by the ORMS-5, NRC-CNRC (elevated
mercury in river water, 26.2 ± 1.3 ng/kg) or by the ERM-CA615, JRC-
IRMM (natural groundwater, 0.037 ± 0.004 μg/L) with the ORMS-5
being the best choice as a result of the lower uncertainty (Table S2).
Fig. 5. Number of sediment CRMs available for the new WFD Priority Pollutants.
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HCB in biota. Among the 12 biota CRMs listed in Table S2, the
best choices are the NIST SRM 1946 and 1947, Lake Superior and
Lake Michigan ﬁsh tissue, respectively, with certiﬁed values just
below the EQS of 10 μg/kg. The three CRMs from IAEA are freeze-
dried materials, as it is the NIST SRM 2974a that diverges from the
optimum also because it is based on mussel tissue. The EDF 2525
and 2524 from CIL claim certiﬁed reference values which uncer-
tainty is expressed as twice the standard deviation of the
interlaboratory exercise corresponding to relative uncertainties of
84% and 46%, respectively. These large uncertainty values greatly
limit the utility of these CRMs [5].
PFOS in biota. PFOS constitutes one of the many cases in which
the laboratories are confronted with a very diﬃcult situation of
implementing the monitoring requirements.
The only available CRM is the recently released IRMM-427, whose
certiﬁed value for PFOS is 16.1 ± 1.7 μg/kg, slightly higher than the
EQS of 9.1 μg/kg, but still ﬁt-for-purpose e.g., for validating an an-
alytical method for the biota monitoring of this priority substance.
There are also two CRMs from NIST, the already cited SRM 1946 and
1947, which for PFOS carry reference values of 2.19 ± 0.08 μg/kg and
5.90 ± 0.39 μg/kg, respectively (Table S1). In principle, these values
broadly comply with the EQS set to 9.1 μg/kg. However, “the degree
of trust” in these data is lower compared to a certiﬁed value (as
clearly indicated in the certiﬁcate). A further issue to be consid-
ered is that the PFOS as regulated under the WFD includes not only
the perﬂuorooctane sulfonic acid but also “its derivatives” (even
though the CAS number mentioned corresponds to the acid alone).
The non-speciﬁcity of this deﬁnition implies that the identiﬁca-
tion of themeasurand is not clear, which could affect themetrological
traceability of the monitoring data [41], endangering the compa-
rability of the measurement results and the harmonisation at EU
level.
7. Concluding remarks
In summary, the presented overview regarding the availability
of CRMs for the WFD monitoring points to some gaps. By examin-
ing the situation for the old PSs and comparing it with the past
survey (conducted three years ago), it is evident that the number
of CRMs for water and sediment has generally decreased (or re-
mained stable). However, there exists few exceptions in the sediment
CRMs related to benzene, PBDEs, hexachlocyclohexane. In the case
of biota CRMs, there has been a slight increase in the number of
CRMs, with the only exception being that of Pb. The 13 PSs that were
“orphan” of CRMs in the last survey (alachlor, atrazine, C10-13
chloroalkanes, chlorfenvinphos, chlorpyrifos, diuron, isoproturon,
nonyl- and octylphenols, pentachlorophenol, simazine, trichloro-
methan and triﬂuralin) are presently reconﬁrmed.
As concerns the water CRMs, the situation of the new PSs (all
organic compounds) matches the one for the old organic PS, for
which they are not available, with the sole exception of IRMM-
428, PFASs in water.
For substances with an established biota EQS, those best covered
are dioxins and dioxin-like compounds with up to 20 CRMs. The case
of PFOS, hexabromocyclododecane and heptachlor/heptachlorepoxide
is not ideal, because the few CRMs on sale either present only rec-
ommended or informative values or the certiﬁed value are above
the EQS. For dicofol, no biota CRM is available.
Out of the new 12 PSs, there are no sediment or biota CRMs for
seven of them (dicofol, quinoxyfen, aclonifen, bifenox, cybutryne,
cypermethrin, terbutrin), all categorised as pesticides.
The Member States require continuous support for reaching a
virtuous and sustainable process in the mandatory monitoring of
the European waters. The on-going efforts of all CRM producers in
the development of materials with matrices and for substances not
yet represented could improve the situation in the future.
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